Preparation and characterization of antisera against lettuce (Lactuca sativa L., cv. Grand Rapids) and pea (Pisum sativum L., cv. Alaska) phytochrome is described. These antisera, together with previously obtained antisera against zucchini ( Cucurbita pepo L., cv. Black Beauty) and oat (Avena sativa L., cv. Garry) phytochrome, were used to compare by Ouchterlony double immunodiffusion phytochrome isolated from etiolated lettuce, pea, bean (Phaseolus vulgaris L., cv. Taylor Horticultural Bush), zucchini, oat and rye (Secale cereale L., cv. Balbo) seedlings. Cross
reactivity between monocotyledonous phytochrome and antidicotyledonous-phytochrome serum and between dicotyledonous phytochrome and antimonocotyledonous-phytochrome serum was always weak or not perceptible by this assay. Among the four dicotyledonous phytochromes examined, pea and bean were the most similar immunochemically as anticipated. Pea and lettuce phytochrome somewhat unexpectedly also exhibited similar immunochemical reactivity. Zucchini phytochrome by contrast was immunochemicaHly distinct from pea, bean, and lettuce phytochrome, although it did react with all three antidicotyledonous-phytochrome sera. Initial attempts to identify immunoglobulins that would recognize phytochrome regardless of its source indicated that they may exist. Such immunoglobulins are of interest because they might react with one or more determinants that could be part of an active site of phytochrome. These immunoglobulins, once isolated, could thus serve as a potential probe for the active site of phytochrome.
to initiate comparative studies in order to identify those physicochemical properties that are common to the pigment irrespective of its source. It is likely that these common properties are those most closely related to its molecular function.
Previous comparative immunochemical investigations of phytochrome indicated that while the pigment isolated from various grass seedlings reacted similarly against antioat-phytochrome sera, phytochrome from a dicotyledonous plant (pea) reacted only weakly against the same antisera (3, 6, 10). These initial investigations were limited in scope, however, inasmuch as only a single antiserum and a single dicotyledonous phytochrome were then available.
The purpose of the work described here is 2-fold. First, we report the preparation of antisera against pea and lettuce phytochrome. Second, we describe the use of these and previously available antisera to compare immunochemically a variety of monocotyledonous and dicotyledonous phytochromes. With respect to this second goal, we attempted to determine whether immunoglobulins could be identified that would react with phytochrome regardless of its source. It is reasonable to expect that such immunoglobulins would in fact be reacting with a portion of the molecule that is highly conserved in an evolutionary sense. Such a highly conserved region might well be part of an active site of the protein moiety of phytochrome. These immunoglobulins, once identified and isolated, might therefore serve as a molecular probe for an active region of this morphogenically active chromoprotein. (6) .
Tissue was harvested as described earlier (1, 6) and stored at or below -20°C until extracted. All work with tissue and subsequent phytochrome-containing extracts was done under green light (6, 8) .
Phytochrome Preparations. Crude, brushite-purified phytochrome was prepared by brushite chromatography and 20 g/100 ml ammonium sulfate fractionation as described previously (6, 8) . Conventionally purified phytochrome was prepared by chromatographing brushite-purified phytochrome through DEAE-cellulose and gel exclusion (either Bio-Gel P-300 [Bio-Rad Laboratories] or Sephadex G-200 [Pharmacia]) columns as described earlier (6, 8) . Immunopurified phytochrome was prepared by a procedure (1, 8) that was derived by minor modifications from that described by Hunt and Pratt (5) . In the case of lettuce phytochrome only, all buffers including that used for extraction contained 2 mm phenylmethylsulfonylfluoride, 2 mm benzamidine, and 10 mM E-aminocaproic acid, three protease inhibitors. In addition, 50 g/l of insoluble PVP were added to the buffer for extraction of lettuce seedlings. Final phytochrome preparations were dissolved in 0.1 M Na-phosphate (pH 7.8) and stored at or below -70°C.
Preparations were of large phytochrome, which is defined as phytochrome that exhibits a monomer size of about 120,000 daltons by SDS polyacrylamide gel electrophoresis (9) . Lettuce phytochrome samples, however, apparently contained in addition abundant proteolytic degradation products (2, 4) even though protease inhibitors were used (1; also see below). One unit of phytochrome is the quantity that in 1.0 ml gives an Al6C,m = 1.0 after saturating far-red irradiation. Phytochrome purity is estimated by its SAR5.
Preparation of Antidicotyledonous-Phytochrome Sera. Antizucchini-and antioat-phytochrome sera are the same as those used previously (1, 3, 5) . Rabbit antipea-phytochrome serum was prepared by injection of immunopurified pea phytochrome that was eluted from the immunoaffinity column by formic acid. Rabbit antilettuce-phytochrome serum was prepared by injection of immunoprecipitates that were made with brushite-purified lettuce phytochrome and antizucchini-phytochrome serum at a ratio of 1 unit of lettuce phytochrome to 3.6 ml of serum. We used immunoprecipitates rather than immunopurified lettuce phytochrome because the former contained a higher proportion of large phytochrome, as judged by the results of SDS polyacrylamide gel electrophoresis. Details of the protocols for immunoprecipitate preparation, injections, and subsequent bleedings are given elsewhere (7). All antisera are against large phytochrome with the exception that the antilettuce-phytochrome serum was probably prepared against a mixture of large phytochrome and several fragments derived therefrom.
Monospecific antiphytochrome immunoglobulins were immunopurified from antizucchini-phytochrome serum with an agarose-immobilized pea phytochrome column as described earlier (1, 5) .
Ouchterlony double immunodiffusion and immunoelectrophoresis were performed as before (6, 7) .
RESULTS
Antiphytochrome Sera. Antilettuce-phytochrome serum produces a single precipitation line against both brushite-purified and immunopurified lettuce phytochrome (Fig. 1) . Sporadically, however, multiple precipitation lines are seen (Fig. 1, lower left) . Most often only a single reaction is observed even though by immunoelectrophoresis the lettuce phytochrome samples appear quite heterogeneous as evidenced by the extended, complex precipitation line that is observed with both antilettuce-and antizucchiniphytochrome sera (Fig. 2) . Note that in the case of antizucchiniphytochrome serum, the precipitation line formed along the margin of the trough and is therefore not as readily apparent as the line formed against antilettuce-phytochrome serum. Antipea-phytochrome serum similarly gives a single precipitation line against immunopurified pea phytochrome, but gives two lines against crude, brushite-purified pea phytochrome (Fig. 3) . Note, however, that both of these precipitation lines merge with the single line against immunopurified pea phytochrome. Reactions between antizucchini-phytochrome serum and zucchini phytochrome (Fig.  4) and between antioat-phytochrome serum and oat phytochrome (see Fig. 8 (Fig. 1) . In contrast, when the same two phytochrome samples are diffused against the antipea-phytochrome serum, a distinct spur is obtained (Fig. 3) . When lettuce, pea, or bean phytochrome is compared to zucchini phytochrome, a spur associated with the original antigen is always observed (Figs. 1 and 3 to 5) . The reaction between zucchini phytochrome and both antilettuce-and antipea-phytochrome sera (Figs. 1 and 3, arrows) is so weak, however, that the precipitation line formed against zucchini phytochrome is barely visible and the spur is thus not readily apparent. These results indicate that in each case the antiserum contains some immunoglobulins that react with the phytochrome that was used to produce the serum but not with the other phytochrome. Bean and pea phytochrome react identically when diffused against antizucchini-phytochrome serum (Fig. 5) , but a weak spur is observed when diffused against antipea-phytochrome serum (Fig.  3) .
The crude antizucchini-phytochrome serum was divided into two fractions: (a) the monospecific immunoglobulins that were purified with the column of immobilized pea phytochrome and (b) the residual serum, which consisted of the original serum minus the immunoglobulins against pea phytochrome. The purified immunoglobulins reacted identically with pea and zucchini phytochrome, as expected, but produced a faint spur between zucchini and bean phytochrome (Fig. 6) . A strong spur indicating marked immunochemical dissimilarity was observed between zucchini and lettuce phytochrome (Fig. 6) . Also as expected, the serum after adsorption no longer reacts with pea phytochrome although it still reacts strongly with zucchini phytochrome (Fig.   7 ).
Comparisons between Monocotyledonous and Dicotyledonous Phytochrome. As observed previously (3, 6, 10) antioat-phytochrome serum reacts only weakly with dicotyledonous phytochrome (Fig. 8) . Conversely, antidicotyledonous-phytochrome serum reacts weakly with monocotyledonous phytochrome (Fig. 9 ). In the case of the antilettuce-phytochrome serum the reaction is too weak to be seen in the plate shown here (Fig. 1) . In both situations (Figs. 8 and 9 ), there is a strong spur that belongs to the phytochrome used to produce the antiserum.
Are There Common Antigenic Determinants on Phytochrome? The rationale for asking this question has already been presented above. If these common determinants exist, the following two predictions should be satisfied. First, immunoglobulins from an antiserum against one phytochrome species (here zucchini) that are immunopurified with phytochrome from a second species (here pea) should still react with phytochrome from a third species (here oat and rye). As can be seen in Figure 10 , this prediction is satisfied. Second, if serum against one phytochrome species (here oat) is adsorbed by phytochrome from a distantly related species (here zucchini), then the serum remaining after adsorption might no longer be expected to react with phytochrome from another distant species (here pea and bean). Again, the prediction is satisfied (Fig. 11) . DISCUSSION The new antilettuce-phytochrome serum appears specific as judged by the single precipitation line seen even when diffused against the appropriate crude (i.e. brushite-purified) phytochrome preparation (Fig. 1) . The antipea-phytochrome serum appears superficially to be nonspecific since two reactions are seen against brushite-purified pea phytochrome (Fig. 3) . Since both of these lines merge, however, with the single line against immunopurified pea phytochrome, it is likely that they both represent phyto- chrome-antiphytochrome reactions. If the inner line were a reaction with an unrelated antigen, it should have continued in a straight line and not curved towards the immunopurified pea phytochrome precipitation line as it is observed to do (Fig. 3, top) . The two reaction lines might arise because of proteolytic degradation of the crude, brushite-purified pea phytochrome. The lettuce phytochrome heterogeneity that is observed by immunoelectrophoresis (Fig. 2) indicates that the size heterogeneity observed earlier in immunopurified lettuce phytochrome samples by SDS polyacrylamide gel electrophoresis (1) resulted largely, although not necessarily exclusively, from the presence ofproteolytic degradation products (2, 4) . The occasional multiple precipitation lines that develop between lettuce phytochrome and antilettucephytochrome serum are likely a consequence of this apparent size heterogeneity in the lettuce phytochrome preparations.
Immunochemical comparisons among the four dicotyledonous phytochromes (Figs. 1 and 3 (Figs. 1 and 3) . Zucchini phytochrome appears to be the most distinct species as judged by Ouchterlony double immunodiffusion since a strong spur is always seen when comparing zucchini phytochrome to any of the other three (Figs. 1 and 3 to 5 ). The observation that pea and lettuce phytochrome are more similar immunochemically to each other than either is to zucchini phytochrome is in agreement with the phylogenetic relationships proposed for the angiosperms by Takhtajan (12) . The marked antigenic difference between zucchini and pea phytochrome is emphasized by the presence of the strong reaction between zucchini phytochrome and the antizucchini-phytochrome serum after adsorption by pea phytochrome (Fig. 7) . In addition, while pea and bean phytochrome are immunochemically similar as already noted, they are apparently not identical. First, a spur is seen when comparing them against antipea-phytochrome serum (Fig. 3) . Second, monospecific immunoglobulins, which were purified from the antizucchiniphytochrome serum with a column of immobilized pea phytochrome, yield a spur between zucchini and bean phytochrome but not between zucchini and pea phytochrome (Fig. 6) . Presumably a spur is seen here (Fig. 6) but not with the whole serum (Fig. 5) because the purified immunoglobulins, as compared to the whole serum, are enriched for those immunoglobulins that are specific for pea phytochrome.
Comparisons between monocotyledonous and dicotyledonous phytochrome and their respective antisera confirm that monocotyledonous and dicotyledonous phytochrome make up two antigenically distinct groups (Figs. 8 and 9 ), as might be expected from their phylogenetic relationships (12) . The could be accepted. Such an effort is warranted because, as already noted, such common determinants quite likely would be part of that region (those regions) of the phytochrome molecule that is (are) responsible for the primary molecular activity that leads to phytochrome-mediated morphogenesis. While it is possible that the chromophore might function as a common determinant, the probability of this being the case is reduced by the observation of Rice and Briggs (10) that antioat-phytochrome serum does not cross-react with phycocyanin, which contains a chromophore nearly identical to that of phytochrome (11) .
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